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An RC Oscillator that Covers the 
20 cps-20 kc Range in a Single Dial Sweep 



OVER a period of time -hp- has designed 
resistance-capacity test oscillators for 
many fields of work from the sub-audio to the 
lower r-f ranges. The usefulness of this type 
of instrument has now been even further ex- 
panded in the form of a new RC oscillator that 
covers the entire 20 cps - 20 kc range in a single 
dial sweep. This new test oscil- 
lator thus simplifies and speeds 
testing of audio circuits and 



see ALSO 

tingt» band RC 
osf^iUat^r worktop. 3 



devices of many kinds. The response of ampli- 
fiers, transformers, speakers and circuits can 
all be checked over the entire audio range bj' 
a single dial twisL 

Automatic response measurements can also 
be made with the new oscillator by equipping 
it with an external motor drive. Such an ar- 
rangement has proved valuable in both pro- 
duction and laboratory applications w^here 
performance information on audio devices is 
desired with maximum speed and minimum 



expense. In such applications the response of 
interest is plotted on the face of an oscilh)Scope 
or on an X - Y recorder. To facilitate using 
motor drives^ the new oscillator is arranged so 
that an extension of the tuning dial shaft Is 
available at the rear of the cabinet. 

Automatic measurements are further facili- 
tated by the fact that the dial calibration of 
the new oscillator is essentially logarithmic. 
This factor is especially convenient for making 
automatic response measurements in which 
the response of the device under test is re- 
corded or viewed on an oscilloscope. 

In addition to the above features the oscil- 
lator retains the basic advantages such as high 
waveform purity, constancy of output over a 
wide range, high stability, high calibration ac- 
curac>% and freedom from zero setting that have 
always been associated with -hp- oscillators. 

Fig. 1 is typical of the response informa- 
tion that can be obtained in only a few minutes 





Fig. 1. Oiciiipgrjfm of respotnf of tf/falify m*itihing tra^is* 
former dl —50 ^hm miide hy observing transformer o/iipui 
direcdy qh oic'tltoicope while Writing irans former and iis ampli- 
fier fr€tm new -hp' %iHgle-ha*>d audio onillaiftr. 

Fig. 2. (rigbi) Seu hp Modi*! 207A osciHaltir covers complete 20 cpi-20 
hi: range in single band, has shaft extension at rear io entihle it io b^ us^ 
uitb frWitrnal motor drites for automalii audio response measurements an 
aniplifiers. iratis farmers, speakers, and other audio deiices* So zero setting is 
required. Log dial facilitates response plots on scope or recorder* 
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Fig. 3. Plot of typical Model 207 A ttin- 
ing dial cbaraflerhtk, Oeviafion ai 
lowest jrequcficies from irue log char- 
act eristic cmi he readily compet/sated as 
described in text. 

using the new oscillator with an 
oscilloscopes The response shown is 
that of a quality matching trans- 
former at a low power level. In prac- 
tice complete performance informa- 
tion of this nature has been often 
deferred because of the labor previ- 
ously involved. Using the new oscil- 
lator it becomes a simple matter. 

The same informacion can be rap- 
idly convefted to permanent form 
by using an X - Y recorder* In this 
case a simple w^ide-band rectifier 
will be required on the output of 
the dev'ice imder test so that d-c will 
be available for the Y system of the 
recorder. A rectifier circuit con- 
structed using a germanium diode 
is usually adequate for this purpose. 

DIAL CALIBIEATION 

In common with LC oscillators, 
the frequency characteristic of an 
RC oscillator is such that, if its tun- 
ing capacitor has an exponential 
variation of capacity with angular 
position, its tuning dial calibration 
will be a logarithmic function of 
angular position. This characteristic 
makes the oscillator especially con- 
venient when it is used with an 
oscilloscope or recorder, since a lin- 
ear sweep voltage will then present 
the frequency scale in true loga- 
rithmic form* 



Commercially available exponen- 
tial curve capacitors, however, have 
a foreshortened characteristic at the 
high capacity end. This has the re- 
sult in the new oscillator that the 
frequenc>' calibrations below about 
200 cps depart somewhat from a true 
logarithmic characteristic. This de- 
parture is relatively unimportant for 
most applications, but if desired it 
can be readily compensated by alter- 
ing the sweep voltage in a simple 
manner so that in oscilloscope or 
recording applications no significant 
error is obtained in the display. 

Fig, 3 shows how the dial cali- 
bration on the Model 207 A com- 
pares with a true logarithmic cal- 
ibration in a ty^pical case. At 
frequencies above 200 cps, the cali- 
bration is accurately logarithmic 
within a few percent, while at lower 
frequencies a noticeable departure 
occurs. If the sw^eep voltage is ob- 
tained by ganging a potentiometer 
with the tuning shaft extension at 
the cabinet rear, how^ever, a simple 
network can be used to introduce a 
suitable non-linearity in the sweep 
voltage. With respect to this altered 
sweep voltage, then, the overall dial 
calibration will be logarithmic with- 
in a few percent. 

To obtain the altered sw^eep volt- 
age, the simple network indicated 
in Fig. 4 can be used. The poten- 
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Fig* 4. Network used to provide special 
sweep vallage. 



Fig. 5. Output circmt of -hp- Model 207 A 

is arranged t& permit halai?ced or single- 

ended operation. 

tiometer is ganged with the tuning 
shaft extension and operated from 
a small battery or other convenient 
d-c supply. The special multitap po- 
tentiometer is available from -hp-, 

OUTPUT SIGNAI. 
CHAlACTEItlSTICS 

For convenience in wide-range 
sweep testing, it is desirable that a 
test oscillator have a constant out- 
put voltage over its complete fre- 
quency range for a given setting of 
the output control. Care has been 
given to this requirement in the new 
oscillator with the result that it is 
rated as having an output w^hich is 
constant within r: I db over its com- 
plete frequency^ range. Typitrally, in 
fact, the output is even more con- 
stant, being within about i db as a 
rule over the complete 20 cps - 20 
kc range. 

Distortion in the generated signal 
is also low. Distortion is rated as less 
than l^i at all frequencies ^nd is 
typically much lower at all but the 
lowest frequencies w^bere it is still 
less than l%- 

OUTPUT CIRCUIT 

Voltage -wise, the Model 207 A 
provides a maximum of 20 volts 

open circuit or 10 volts into a 600- 
ohm load. Many audio devices can 
thus be tested directly from the out- 
put of the oscillator, although powder 
devices such as speakers will require 
that the oscillator be followed by a 
power amplifier. 
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The output circuit in the oscil* 
lator is arranged so that it can be 
used to test balanced as well as 
single-ended devices. Output power 
is delivered from a balanced trans* 
former which is provided with suf- 
ficient resistance to raise the source 
impedance of the system to 600 
ohms (Fig. 5)* 

The output level is controlled by 
an uncalibrated hridged*T attenua- 
tor which has a 40 db range (nom- 
inally 10 volts to 0,1 volt). Since 
the attenuator is un balanced, the 
output circuit is unbalanced when 
[he artenuacor is used. The attenua- 
tor is constructed, however, so that 
when it is set for 5?:ero attenuation 
the series arm becomes a short cir- 
cuit while the shunt arm becomes 
an open circuit. The attenuator is 
thus removed from the circuit and 
the output system then becomes 
balanced. This arrangement enables 
I he oscillator to tie used with an 
external balanced attenuator to test 
balanced systems without incurring 
the cost of a balanced attenuator for 
applications where it is not required. 



SPECIFICATIONS 

MOOIL 207A 

AUDIO SWEEP OSCILLATOR 

fr^tiijefKy f^ngv; 20 cpi re 20,000 cps, cov- 
ered Jrt one band, 

Ac^ura^y. '"4% Including calibratiO'H vrfOfj 
warm-up, cHangei due to aging compo- 
neniSr tubei, etc. 

Di&h Six-inth diameter dial callbrafed o*er 
300^ of ore. 

Ff^qu^ncy reipoiie; -j^ 1 db over entlra frv^ 
CfuenCy ronge. 

fxfe^nai fre-qiuenctf tonfro/; i^[|-inch shaft, ex- 
tending from reor of iniTrument^ rototipn 
opproximotely 150" fcK full frequency cov- 
erogte. 

Outputs 10 voUs <:t60mw: w'fth roled load of 
AOO ohmi; balanced ot full oulput, ground- 
ing terminal provide^d. 

Ouipu* ionfrnt: Decrecise^ level cenrlnuouftly 
by more than 40 db^ 

Oisforiion: Lesi than 1% over entire fre- 
quency range. 

Hum voffoge. leu than 0.1% o* rated out- 
p%if* Decrease! ai output ii^ atrBnuoted' 

Power: 115 230 volts, ±:10%, 75 wott*. 
DjimerTslonsr Cabinet mount: 7V^" w, 11!/^" h, 
\4W d. Rack n^ount: 19" w^T' h, UW d= 

Wm't^hh Cabinet mount: 23 \h^- approx. iklp- 
ping weight 29 Ibt, ftock mount: 27 IIh; 
opprox. shipping weight 42 Ibl. 

Price; On request. 

Data ifUbiect to change without notice. 




DESIGN PRINCIPLES OF THE 1000:1 
RANGE SINGLE-BAND RC OSCILLATOR 

fn fhe mnvenfiOT^Qi -hp- resiltonce-co- 
pot: it y osc ilia for the frequency of oscith' 
fion js conirolted hy o circuit tike fhat 
shown in bosk form in Fig. T. Although 
various roHos of R- to fd ond d ^o Ci ore 
used^ ihey ore alt such fhof the fre- 
quenc/ af osciUafior] is expressec/ by f<i 
= VsttRiC!. Since a TO I range tuning 
capacitor is typfcally used far C and G, 
the osciilatofs typicaily cover o 101 
frequency range in a single bond. 

When th& frequency cfyaroderisiic of 
one of the RC pairs of the frequency 
determinifrg circuit is plowed on o re- 
octonce chort, the plat wHf appear as 
shown h Fig. 2. At the frequency af 
which the restslance curve 
R intersects fhe reocronce 
curve af the capocitor, fhe 
voltoge e^ out of the nei- 
work ffig. J J !i in phose 
with the voltage e^ ap- 
plied fa the network and 
the overall circuit oscii- 
totes* A$ the capacitor is 
^uned through its J 0. J 
ronge, the reactance 
moves throirgh o 101 
ronge (indicated hy shad- 
ed area in fig. 2), ond 
the frequency of oscrJIo- 
fion consequently moires 
through a W 1 range. 



Fig* K Ba^fc arrange ffO^ttf f^f positive 
feedback loop used in -hp RC o$ciUu$ors. 
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tOOOn RANGE NETWORK 

if o wider thon JO.) 
frequency range is de- 
sired for the some 1 0- 1 
change in the tuning ca- 
pacitor, the resistive ele- 
ment R of the RC pairs 
can each be replaced 
with a network which has 
a slope between ond 
—If i.e.f between that of 
a resistance and thai of o 
copocitive reoctonce. 
When this is done, the 
limits of the range over 
which the circuit con be 
tuned witi occur where 
the impedance curve of 
the new networfc intersects 
the reactance limit lines 
af the tuning capacitor^ as 
shown in fig. 3. tn pof- 
ticutaft if this new net- 
wark has an impedance 
line whose siope is — ^/j 
OS shown in fig. 3, the 
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Reactance pioi of one of RC pairs itt frequency' 

deter mimng network. 
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Fig. 3. Reactance plot showing how a network with 

impedance dope of —% will tune circuit over 1000:1 fre* 

queue y range f*ir a 10:1 change in tttning capacitor. 
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Fig. >, tfNtd tnnUs^mihu of ^ynthesizeti networki coft- 

ttected hi basic fmciliulfir eircttit^ -hp- halanced type oscil- 

lal€/r circ/4it i% used. 



Fig* 4. Plot of fttmght4irie segmetfi nuthfiS used to 

iipproxifnjiie n ^% slope characterisih'. Restfltant of ap- 

proximiiiiftn i\ nithhi n few percent of ideal over rated 

range. 
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Fig. 6- Phase charge tsrirJic of syttthesizi'd rtvSuorJtr Devi- 
ation over rated range is less than a few degrees* 



frequency cove/og& o/ the oiciihfor wilt 
be expanded fo 1 000. J . 

Such h the fechnique used in the new 
oscilhfor fo achieve a TOOOrJ frequency 
coverage in a single bond. The neiwork 
fhaf Hqs a — % 5 'ope frequency char- 
ocf eristic i^ synthesized from fixed re- 
sisiances and capacitors. The pofes and 
zeroes of fhe impedance of such o net- 
work afi he on the negative real axis 
and can be made io occur ahernately. 
The asympfofic impedance lines corre- 
sponding to su::h an array form a broken 
line which changes from slope to slope 
— I at each frequency corresponding to 
a pofe and from — ? fo at each fre- 
quency corresponding to a zerOf as 
shown by the Ughf broken fine of fig. 
4. If the horizar}iai segments of this bro- 
ken line extend for, say^ one octove and 
the tilted segments for two, the '"aver- 
oge" slope of the fine will he —V3- 
The actual impedance will he a very 
nearly straight line of fhis slope, as 
showf} by the heavy line m Fig. 4, and 
is reasonable to achieve since it requires 
only five resistances and four copoci- 
tars. With this number of elements the 
synthesized characteristic opproximaies 
fhe idea! over the desired frequency 
range within a few percent. This error 
is even further reduced when two com- 
plex elements are used in the complete 
frequency 'determining circuit as will he 
described later. 



Fig, 5 shows how 
the complete circuit 
appears when the two 
networks are used, 
PHASE 
CONSIDERATIONS 

An essential require- 
ment for the synthe- 
sized network is that 
its impedance phase 
angle be constant with 
frequency, since varia- 
ii'ufii in phase would 
shift the frequency of 
oscillation an amount 
different from that dic- 
tated by a chonge in the setting of the 
tuning capacitor. How well this require- 
ment is met is basically a function of the 
number of elements used to synthesize 
the complex nefworfc. The five resistor- 
four capacitor network, since its imped- 
ance slope is almost constant, gives a 
phase charocteristic which is also almost 
constant, having theoretical variation 
of less than 2^ fFig, 6} at oU but the ex- 
treme ends of the rated frequency range. 
At the law and high frequency ends 
where the phase shift introduced by the 
network is no^ corrected by other RC 
steps, the first and final asymptotic seg- 
ments have been expanded to cover a 
7:1 rather than 4.1 range to minimize 
the undesirable shift that would other- 
wise occur ot fhe ends of the range. This 
displacement does not significanity alter 
the impedance of the element within the 
desired IQQOl range, as can be seen in 
Fig, 4. To maintam fhe effective phase 
angh even more constant^ the locations 
af the poles and zeroes in one element 
are staggered from those in the other. 
One element thus compensates to a de- 
gree for the phase fond impedance) 
variations in the other. 

GENfRAL 

The ov^rail oscillator circuit uses the 
-hp- balanced oscilhtor configuration^ 
in which the oscilhtor tubes are op- 
erated in oush-pulL This ofrangemenf 



requires that the frequency-determining 
network produce a voltage division of 

1:2. 

In on ftC oscillator the infpedance of 
the series arm (Fig. J J of fhe oscillation 
frequency isR\ -h 1 ju,C:, or R. (I — /J ^= 
V 2 R\ —45°. Simiforly, the impedance 
of the parallel arm is ftj/fJ -r jmC-:^^}, or 
ff, (} ^ jj — (R, v:2)/H5**. To attain 
a division ratio of h.2 thus requires that 
R, V 2 = V~5 Ri, or Rz = 2ft, ortd C, 
= 2C.. 

in Ih^ wide range oscilhtor the im- 
pedance of the network and capacitor 
in the series arm (and similarly the ad- 
mittances in the parallel ormj add at 30^ 
rather than 90^. If the capacitor reac- 
tance and network impedance in the 
upper arm were equal at fhe oscillation 
frequency, the upper arm would have on 
ffnpedance Z. ^ 

N. [fcos 60^" -j sin 60""}^ I jtnC] 
— N.[.5-iil + V'3 2}] = 

If the capacitor reoctance and network 
impedance were equal in the parallel 
arm its impedance would then be Z-. =^ 
fN. J. 93 J -69.5°. 

This would demarjd an impedance 
ratio Nt — (1.93}' N, — 3.73 Nt ond 
Ci ^^ 3,73 Cj. Since this capacity ratio 
is inconvenieni, a more practical solu- 
tion is to change the capacity ratio fo 
fhe nearest integral ratio (4; J J. This ratio 
would require o five-section tuning ca- 
pacitor, however, so the capacity ratio 
has been made the largest that can be 
ochieved (3 1} with the more conven- 
tional four-section capacitor. The 
changed capacity ratio then necesiifofes 
fhof fhe fofio of the impedances of the 
two complex networks be changed to 
Nt Ni =^ 4JB. Oscillation now takes 
pCoce at \ to. m. where 



frequency at which iNi 
■ frequency af which |N; 
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— Sirh&iiis Kov^epski 

jnd B. M Oihew 
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Cfrtitit, Hdfc'liftt'PEcfcafd Jouinjil. Vol. T. No. 6. 

February, 1956. 
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